In this study, the meteorological drought represented by Standardized Precipitation Evapotranspiration Index (SPEI) and agriculture drought represented by Vegetation Condition Index (VCI) are analysed in seven regions over Turkey. VCI calculated using the Normalized Difference Vegetation Index (NDVI) data obtained from NOAA AVHRR, SPEI obtained from the SPEI global database with the version (SPEI base v2.5), and Land use/cover obtained from CORINE datasets. The study covers the period from January 1982 to December 2015 due to the availability of NDVI data. The correlation between monthly and seasonal VCI and SPEI (lag months 1, 3, 6, 9, and 12) was investigated in a regional and provincial scale. Monthly correlation found to be the highest in the Central Anatolia, Aegean, Marmara and Mediterranean regions respectively, while other regions have lower and non-homogenous values. One lag time of the VCI with respect to SPEI 12 improves the correlation. The regional correlation showed that, the highest correlation between two parameters is obtained for all the regions with SPEI 12 during summer, then followed by Autumn, and Spring months, the maximum values are recorded for the Central Anatolia (0.656) and Mediterranean (0.625) in Summer, and Aegean (0.643) in Autumn respectively; rather lower correlation values did occur in Marmara (0.515) in Autumn, Eastern Anatolia (0.501), SE Anatolia (0.375) and Black Sea (0.297) regions in Summer. The provincial investigation between seasonal VCI and SPEI indicated that the presence of a positive correlation in general in most of the provinces in all seasons with several exceptions in the Eastern Anatolia, South eastern Anatolia, Black sea, and Marmara. The land cover types with high correlation coefficients are noticed to be covered by forest, agricultural lands, non-irrigable lands and mostly covered by fruits (grape, olive etc.) using CORINE land cover map.
INTRODUCTION
Drought is a stealthy climate disaster that heavily affects all the aspect of the natural environment and human beings (Mishra and Singh 2010) . Recently, the importance of the drought has been increased due to the increase in water demand and the threatening of the climate change (Mishra and Singh 2010; Mehr, Kahya, and Özger 2014) . Droughts affect surface and groundwater resources leading to several problems such as: reduction in water supply, deterioration in the water quality, reduction in power generation, decrease in productivity, failure of crop, distribution of riparian habitats, and eventually suspension of recreation activities including the host of economic and social activities (Mishra and Singh 2010; Riebsame, Changnon Jr, and Karl 1991) . Drought can be defined as: deficit in the precipitation, deviation from the normal hydrologic condition, the percentage of the years in which crops fail due to the scarcity of moisture (Dabanlı, Mishra, and Şen 2017) . All the climate zones are prone to droughts regardless if they are low or high rainfall areas. Droughts mostly depend on the decrease in the amount of the precipitation received through a long period that could be a season or a year.
Several drought indices have been developed and the most common used index is Standardized Precipitation Index (SPI) due to its simplicity in terms of the required data as only the precipitation is used. In the last 150 years, there has been an increase in the temperature about (0.5-2 0 ) in addition to the faster increase in 21 st century obtained by the climate models due to the climate change. Therefore, the use of an index contains the temperature in their formulation is better. Such an index is Palmer drought severity index (PDSI) but PDSI does not have the characteristic of multi-scalar that important for both differentiating between different types of droughts and evaluating drought associated with different hydrological systems. Therefore, a new index namely standardized precipitation evapotranspiration index (SPEI) was developed by (Vicente-Serrano, Beguería, and López-Moreno 2010) and revisited by (Beguería et al. 2014 ).
Several studies conducted for investigating the variability and vulnerability of the droughts over Turkey (Dogan, Berktay, and Singh 2012; Dabanlı, Mishra, and Şen 2017; SirdaŞ and Sen 2003; Sönmez et al. 2005) . Another important aspect of the drought analysis is the linkage between the categories of the droughts such as Meteorological and Agricultural droughts. Even though the precipitation, soil moisture, and vegetation growth link is broadly documented (Farrar, Nicholson, and Lare 1994; Gu et al. 2008; Wang et al. 2007; Törnros and Menzel 2014) , their link in the aspect of drought analysis requires more investigation. An issue considering the Precipitation, soil moisture, and vegetation growth is that they are measured on the earth by pointy manner as they measured using station dispersed around a specific region. These limits the spatial extent of the data and, hence restricts the spatial information discovery (Törnros and Menzel 2014; Dutta et al. 2015) . Therefore, remote sensing data are needed for investigating the spatial variability. In addition, low cost, reliability, repetitions and synoptic view of remote sensing data are advantages made these data popularly accepted (Dutta et al. 2015) . In the aspect of this study, an example of remote sensing data Normalized Difference Vegetation Index (NDVI) and Vegetation Condition Index (VCI) have been widely accepted as indices of the agriculture drought (Dutta et al. 2015; Nicholson and Farrar 1994; Kogan 1995; Ji and Peters 2003; Anyamba, Tucker, and Eastman 2001) . In a regional scale, VCI provides more accurate results than NDVI (Bajgiran et al. 2008) and as a result the VCI obtained from NOAA-AVHRR based NDVI has been broadly acknowledged in drought analysis due to its appropriateness in evaluating several parameters such as intensity, duration, severity, and emergence of drought (Dutta et al. 2015; Quiring and Ganesh 2010) .
The objective of this study is to investigate the correlation between the monthly and seasonal meteorological drought and agricultural drought over Turkey in a provincial and regional scale as well as the use of land use map as an attributing layer. The metrological drought represented by SPEI derived from CruTS v3.24.01 data and the agricultural drought represented by the VCI obtained from NOAA-AVHRR based NDVI. The detail description of the data used can be seen in the following sections.
STUDY AREA
The location of Turkey is in the northern subtropical climate zone of the Earth lies between 36-42°N and 26-45°E, and situated in the western part of Asia and eastern part of Europe. There are seven regions in Turkey divided according to the difference in altitude (Dabanlı, Mishra, and Şen 2017) (See Figure 1) . The climate of Turkey varies in different regions because of the presence of several mountains extended in parallel with the coasts, although large areas located in the Mediterranean geographic area (Sensoy et al. 2008 ).
METHODOLOGY
The main objective of this study to investigate the correlation between the meteorological and agricultural drought over Turkey in monthly and seasonal time scale. The meteorological drought is represented by SPEI which is obtained from the global SPEIbase v2.5 calculated using CruTS v3.24.01. The agricultural drought represented by VCI which is calculated from the NOAA-AVHRR based NDVI. The SPEI data is monthly data covers the period January-1901 to December-2015 while the NDVI data is biweekly covers the period July-1981 until now. First of all, the NDVI data were composited to get the monthly data using Maximum Value Composite (MVC) and to have full annual data the months of 1981 was removed. In order to have consistency in the data SPEI data were subset to the same period January-1982 to December-2015. The pixel wise VCI was then calculated for every month using eq. (6). After having the SPEI (1, 3, 6, 9, 12) and VCI for the same period, the spatial subset for only Turkey was obtained. In order to investigate the provincial correlation each province was represented by the average of the pixels included in the province boundary for every month and season for monthly and seasonal correlation respectively. For the regional scale, the same procedure used by taking the average of all the provinces located in each region. The trend of the regional monthly VCI and SPEI12 was investigated using three tests: Mann-Kendall for identifying the significance of the trend, Sen Slope Estimator for obtaining the magnitude of the trend, and Pettit test for identifying the most probable change time point. As mentioned earlier, the monthly and seasonal correlation was conducted in this study and the seasons are as follow: DJF; December, January, and February, MAM; March, April, and May, JJA; June, July, and August, SON; September, October, and November, and these seasons names are Winter, Spring, Summer, and Autumn respectively. The land cover map obtained from European Environment Agency (EEA) namely Corine Land Cover (CLC) for the year 2012 for the comparison of the high or low correlated areas with their land cover (EEA 2000) . The CL map classified for 44 classes which makes the comparison difficult, therefore the map was reclassified into 9 classes by aggregating the categories have common higher code.
Standardized Precipitation Evapotranspiration Index (SPEI):
SPEI is one of the simplest indices in terms of the calculations. As in SPI the monthly or weekly precipitation is used, in SPEI, monthly or weekly climate water balance which is the difference between the precipitation and potential evapotranspiration used. In this study, the SPEIbase version 2.5 (available at http://spei.csic.es/ ) are used. In this data set, the FAO-56 Penman-Monteith equation (Allen et al. 1998 ) used for the calculation of the potential evapotranspiration instead of Thornthwaite equation (Thornthwaite 1948) which is used in the earlier version of SPEIbase v1.0 (Beguería et al. 2014) . Then, the climate water balance calculated by:
Where is the precipitation of a specific month, the potential evapotranspiration for the same month and this equation gives the deficit of the water of that month. The calculated are the combined for the desired time scale for further consideration. According to (BegueríA, Vicente-Serrano, and Angulo-Martínez 2010; Vicente-Serrano, Beguería, and López- Beguería et al. 2014) , the best fitting distribution to the data is Log-Logistic. The three parameters Log-logistic density function is expressed as:
Where , , and are the scale, shape and centre parameters, respectively, and that is for <D< ∞. In order to obtain the parameters, (Vicente-Serrano, Beguería, and López-Moreno 2010) used probability weighted moments (PWMs) based on the plotting position approach. (Beguería et al. 2014 ) found some problems in using this approach, and hence suggested the use of unbiased PWMs in which the Log-logistic distribution of D is then given as:
Using ( ) the SPEI can be calculated as the standardized values and that can be done using: 
Where = −2ln ( ) (5) For ≤ 0.5, = 1 − ( ) is the probability of exceedance of a specific D value. For ≥ 0.5, the value is replaced by 1 − and the SPEI value is inverted. The values of the constants are as follow: 0 =2.515517, 1 =0.802853, 2 =0.010328, 1 =1.43278 8, 2 =0.189269, 3 =0.001308 (Beguería et al. 2014) . In this context, the SPEI with 0 value refers to 50% of the cumulative probability of Log-logistic distribution of D.
As the global SPEI data produced using CruTS v3.23, the period January-1901 to December-2015 covered by this data. The last versions of CruTS datasets consists of 0.5 o latitude-longitude grid cells covering the global with the exception of Antarctica region. The datasets provide monthly values of ten climate variables. Six of these variables are independent: Precipitation (pre), Mean temperature (tmp), Diurnal Temperature Range (dtr), Wet-day Frequency (wet), Vapour Pressure (vap), and Cloud Cover (cld). The remain four (i.e. Maximum temperatures (tmx), Minimum temperatures (tmn), frost day frequency (frs), and potential evapotranspiration (pet)) are calculated and estimated using the independent variables. The CruTS was evaluated in global scale by (Jones and Harris 2008) and in a local scale over Turkey by (Hadi and Tombul 2017) . After the obtaining SPEI and for having consistency for both SPEI and VCI, a temporal subset from January-1982 to December-2015 was obtained for several scales (1, 3, 6, 9, 12).
Vegetation Condition Index (VCI)
VCI is calculated by using Global Inventory Modeling and Mapping Studies (GIMMS) NDVI. The GIMMS NDVI are acquired by the Advanced Very High-Resolution Radiometer (AVHRR) sensor onboard a National Oceanic and Atmospheric Administration (NOAA) satellite. The last version that is used in this study 3g.v1.0 covers the period July-1981 to December-2015. These data are produced in biweekly (half month) temporal scale. In order to have monthly scales similar to SPEI, the Maximum Value Composite (MVC) approach applied in which the maximum value is chosen in order to minimize the effect of the aerosols and clouds (Tucker et al. 2005) .As not all the months of the year of 1981 are available, the NDVI considered in this study starting from January-1982. After that, the following equation is used for the calculation of VCI (Kogan 1995) :
NDVI i is the pixel-wise NDVI value of the month under analyzing, and are minimum and maximum values of months for all years in which only the month under analyzing is considered. VCI is the standardization of NDVI and it splits the climate signal (short-term) from the ecological signal (long-term), and hence, it is better indicator than NDVI in monitoring the water stress condition (Kogan 1995) . The values from 100% to 50% indicate above normal vegetation condition, between 50% and 35% indicates a drought condition, and less than 35% indicates severe drought condition (Dutta et al. 2015; Kogan 1995) .
RESULTS ANS DISCUSSION
The main objective of this study is to investigate the monthly and seasonal variation of the correlation between the VCI and SPEI with several temporal scales (1,3,6, 9, and 12) where these two indices are indicators of Agricultural and Meteorological droughts respectively. In terms of the temporal analysis (Figure 2 and 3) , all the regions have witnessed no extreme drought (i.e. < -2.0) throughout the whole studied period except one event happened in Southeastern Anatolia in the year 2008 but it has short duration. The trend results shown in Table 1 for the SPEI and Table 2 for VCI. The SPEI12 trend results indicated that although the value of the slope is not high, there is a significant increasing trend in the SPEI in all regions except Southeastern Anatolia which has a decreasing trend and significant at a level 0.1 only and not 0. The correlation between the VCI and SPEI is examined for every scale and the time lags investigated are 1, 3, 6, 9, and 12. For the monthly data, the highest correlation for most of the provinces was found between the VCI and SPEI 12 and to save some space the comparison among the scales correlation are not shown here. Another important issue considered here is that correlating the SPEI with one to three leads of VCI by hypothesizing that deficit in precipitation or increase in PET need some time to be reflected on the agricultural deficit. There is no large difference among the correlation of different lags but the highest correlation can be obtained with the lag 1 VCI. The Central Anatolia and Aegean regions has the provinces with the highest correlation such as Manisa, Izmir, Nevsehir, Nigde, Aksaray, and Ankara respectively.
Seasonal correlation between VCI and SPEI (1, 3, 6, 9, and 12) was also conducted in this study and the results are listed in Table  3 . According to the table, the SPEI 12 has the highest correlation values with VCI in all the regions and seasons similar to the monthly temporal scale. Considering the SPEI 12 correlations, in all the regions, the summer season has the highest correlations followed by autumn season while the least correlated season is winter followed by spring. The highest correlation belongs to Central Anatolia in all seasons followed by Aegean and Mediterranean regions. The highest correlations belong to Central Anatolia are 0.656 and 0.621 for summer and autumn seasons. In the contrast, Black seas Eastern Anatolia and Southeastern Anatolia has the lowest correlation respectively and Southeastern Anatolia has negative correlation for winter and spring seasons. Marmara Region stands in the middle with highest correlation values 0.514, and 0.515 for summer and autumn seasons.
As mentioned earlier, taking the averages of the regions may misleads the results in case of the existence of non-homogeneity. Therefore, a provincial correlation was also conducted to have smaller spatially averaged areas and use it as an indicator of homogeneity (Figure 4 ). Central Anatolia, Aegean, and Mediterranean regions which have the highest correlation have homogenous correlation among the provinces in each region. In other words, the correlation of all provinces in any region for any season is similar indicating that no significant heterogeneity in these three regions. Provinces in Black sea, Eastern Anatolia, and south eastern Anatolia which have the lowest correlations (Table  3) show non-homogeneous behaviour. In these regions, in the time of several provinces have a positive correlation for a specific season, other provinces have negative correlation. Marmara region does not have the high variation in the aforementioned regions and not the high homogeneity shown in Central Anatolia, Aegean, and Mediterranean regions as most of the provinces has a homogeneous behaviour with only three anomaly provinces.
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Summer Autumn Figure 5 . The spatial variation of the correlation between VCI and SPEI 12 based on the provincial scale.
Therefore, the spatial variation of the correlation was also conducted using the provincial scale ( Figure 5 ). According to land cover map shown in Figure 6 , Central Anatolia which showed the highest correlation is dominated by Natural grass and Seasonal Crops which contains Non-irrigated arable land and Permanently irrigated land and as in summer these areas have growing seasons with the higher precipitation the correlation increased in this season. The Aegean region which has the second highest correlation after central Anatolia, also dominated by Seasonal crops, Agro-forestry which behaves similarly being in growing mode in summer.
CONCLUSION
The monthly and seasonal correlation between Vegetation Condition Index (VCI) and Standardized Precipitation Evapotranspiration Index (SPEI) with multi scales; 1, 3, 6, 9, and 12 investigated in this study over Turkey. Due to the availability of NDVI data used in the calculations of VCI, the period of January-1982 to December-2015 is taken into consideration. The trend analysis indicates that VCI values has a significant increasing trend which implies decrease in the agricultural drought. According to SPEI, all the regions has witnessed similar drought events for the covered period with slight differences and the severe drought has not been happened only one time in the South Eastern Anatolia but that could be due to the areal averaged SPEI values over the whole regions in which non-homogeneity could be neglected. Therefore, the detail analysis for each province is very important. The trend analysis of SPEI shows a significant increasing trend in all regions. The highest monthly correlation found between VCI and SPEI 12 and it gives better correlation with one lagged VCI. Central Anatolia, and Aegean have the highest correlation and Mediterranean and Marmara following them while other regions has the lowest correlations with non-homogeneity between the provinces in each region. The seasonal correlation also found to be highest between VCI and SPEI 12. Summer found to be the highest correlated season followed by Autumn while the Winter and Spring are the lowest correlated for all regions. In all seasons, Central Anatolia is the highest correlated region, and the second highly correlated region is Aegean while the third is Mediterranean. Other regions show less correlation with non-homogeneity among the provinces in each region. Using CORINE land cover map with appropriate reclassification, the land cover types with high correlation coefficients are noticed to be covered by Seasonal crops which includes Non-irrigated arable land and Permanently irrigated land, Natural Grass, and Agro-Forestry.
